abstract -Background: The Stroop paradigm evaluates susceptibility to interference and is sensitive to dysfunction in frontal lobes. Performance in the Stroop changes along the development. Despite its usefulness in research and clinical settings, there are few studies with Brazilian samples. Objective: This study investigates the performance and age effect on Stroop paradigm of Brazilian children. Method: A sample of 119 children, aged from 7 to 10 years, was submitted to the Victoria version of Stroop. Results: The pattern of results observed was similar to that observed in foreign studies with adults and children. Younger children were overall slower than older ones (positive correlation between age and naming time). Also, younger children showed more susceptible to interference than older ones (negative correlation between age and number of errors for the maximal interference condition). Conclusion: There was an age effect explained in terms of developmental changes in information processing velocity and attention selectivity.
1 Doutorado, Departamento de Psicologia, Pontifícia Universidade Católica do rio de Janeiro, rio de Janeiro rJ, Brazil; 2 Doutorado, Departamento de Psicologia, Universidade estácio de Sá, rio de Janeiro rJ, Brazil. Financial support: Conselho Nacional de Desenvolvimento Científico e Tecnológico -CNPq. The Stroop paradigm evaluates selective attention and cognitive flexibility, measuring the shifting ability to change demands and suppress an usual response in favor of an unusual one 1, 2 . Speed of processing and conceptual abilities contribute to Stroop effect 3, 4 . The Stroop is a neuropsychological task sensitive to dysfunction in frontal lobes, including neuropsychiatric disturbances as attention deficits hyperactivity disturbance (ADhD), anxiety and depression [5] [6] [7] . Stroop 8 in 1935 originally developed this paradigm. his first version consisted of three white cards, each containing ten rows of five itens. There were four parts: (1) the subject read randomized color names printed in black; (2) the subject read the color names printed in color ink, ignoring the color of the print (the color print never corresponding to color names); (3) the subject named the colors of squares and (4) the subject received the card used in part 2 and had to name the color and ignore the verbal content. Normal people could read color words printed in color as fast as in black (part 2 × part 1); but there was an increase in time to complete the task Stroop paradigm: performance Charchat-Fichman and oliveira when the person had to name the color of ink instead of reading the word (part 4 × part 3). This difference in time was called "color-word interference effect".
Based on this first paradigm, proposed by Stroop, other versions have been developed [9] [10] [11] . Tests differ in the number of cards used, color dots or XXX, number of items in each card, number of color used, paper and pencil task or computerized ones. After Stroop version, the two most used in clinical practice and research are the Dodrill's and Victoria's formats.
recently, some Stroop-like models were developed using computerized software. These models measure reaction time based on vocal response, using voice devices. These Stroop-like versions are similar to computer games and are very useful to evaluate children [11] [12] [13] . The Stroop-like computerized forms include blocks of incongruent, congruent and neutral trials, using colors, pictures or words of super-ordinate categories. The difference between incongruent and neutral condition is called interference and the difference between congruent and neutral condition is named facilitation. These cognitive constructs showed interesting results to explain the development of selective attention, inhibitory control and executive functions [11] [12] [13] . Previous studies have shown that interference is larger among children compared to adults, in different versions of the Stroop and Stroop-like paradigms 11, 13, [14] [15] [16] [17] [18] [19] [20] [21] . others, in a smaller number, have not observed an age effect on interference measures, in these paradigms 12, 22 . These findings have been discussed in terms of different measures of interference being employed, strong dependency of the tasks on other competences that the children may not yet have acquired (as reading, for younger children, for example), as well as age span of the sample studied 12, 13 . Typically, for the classic color Stroop some minimal interference is present early in the beginning of reading acquisition and it raises as reading level increases. Afterwards, during adolescence and adult life, interference decreases, to raise again after 60 years of age 6 . For Stroop-like tasks not requiring reading, children in early childhood (more or less until 5 years of age) show the highest interference effect. This effect declines rapidly during childhood (roughly between 5 and 10 years of age), and attain adult levels by the end of childhood and beginning of adolescence 11, 13 . Among the hypothesis examined in the literature 11, 23 , there are strong evidence that these results might be understood in terms of inhibitory control having a developmental trajectory during childhood. Inihibitory control is a cognitive process that allows subjects to delay or to prevent a pre-potent response, making it possible to modify well-learned responses when alternative behavior is demanded 13, 24, 25 . The action of inihibitory control contributes to attentional selectivity, especially for controlled attentional processes, mediated by the central executive.
In the last 5 years, some studies in Brazil began to employ the Stroop paradigm to assess atentional selectivity in adults 26, 27 and children 28, 29 with different pathologies as, for example, ADhD and head trauma injury. Also, in one study, normative data were collected for pre-adolescents between 12 and 14 years of age 30 . All these studies employed the Victoria version, except for the Cabacco et al. 28 , and some of them used computerized versions. Taking into account the uselfuness of this paradigm to assess attentional selectivity and inihibitory control and the reduced number of studies on it with Brazilian samples, this study describes performance and age effect on Stroop paradigm of 119 Brazilian children from rio de Janeiro, age range from 7 to 10 years. method Subjects Participated in this study 119 subjects, 59 boys and 60 girls, aged from 7 to 10 years, students of private schools in rio de Janeiro ( Table 1 ). The subjects were from socioeconomic classes C and D, as estimated from parent professions and incoming reported. All children in the age band of interest were included as subjects, except those with diagnosed neurological or neuropsychiatric disturbances. These informations were collected from a questionnaire filled in by parents. For all subjects the informed consent was obtained from parents and the study was approved of institutional ethics comitee.
Procedure
The subjects were tested individually in a separate room inside the schools. The material used was paper, pencil and a tape recorded to register the subject's responses.
All subjects were submitted to Stroop-Victoria version 1, 10 . It consists of three cards, each containing six rows of four items. In part 1 (color) the subject must name, as quickly as possible, the color of 24 rectangles printed in blue, green, red or yellow. In part 2 (word), the rectangles are replaced by common words printed in color and the subject must name the color, ignoring their verbal content. Part 3 (incongruent) is similar to parts 1 and 2, but the color stimuli are color names printed in an incongruent color that is never the same designated by the word printed (e.g. to blue printed in red, the subject must produce the word "red").
For each of the three conditions, the number of errors was recorded as well as the time to complete the naming of all stimuli (with a stopwatch). Also, for each subject it was calculated the interference score as the quotient between the time score for the incongruent (part 3) and color (part 1) conditions.
Statistical analysis
Initially, the internal consistency of the all set of results was tested using Pearson's correlation. The effect of condition was tested with one-way ANoVA for naming time (lSD analysis) and number of errors. The differences between each two conditions were submitted to t tests. Finally, the age effect was tested with an ANoVA and with Pearson's analysis of correlation between age in months and the different scores measured.
reSUltS
There was a significant correlation between the three conditions studied for naming time (-0.38 < r values < -0.32, p<0.0001). The correlation between conditions for the number of errors was not significant. Table 2 shows the results for the three conditions studied, in terms of naming time and number of errors (mean and standard deviation).
The oneway ANoVA showed a significant condition effect (F (2)=185.43, p<0.01). The subjects were slower to name the colors in the incongruent condition, both compared to the color condition (t (116)=19.23, p<0.01) and the word condition (t(116)=16.12, p<0.01). Naming time was also longer in the word than in the color condition (t (116)=11.44, p<0.01).
regarding the number of errors, the ANoVA showed a significant condition effect (F(2)=15.95, p<0.01). The number of errors was greater in the incongruent condition, compared to the word condition (t(116)=5.61, p<0.01) and to the color condition (t (116)=5.01, p<0.01). There was a tendency to the number of errors to be larger in the word than in the color condition (t(116)=1.88, p=0.063).
Age in years (7, 8, 9 and 10 years) and condition (color, word and Incongruent) effects were tested with ANoVA for each of the three scores studied. It was observed significant differences for age groups regarding naming time. The results in terms of mean, standard deviation, as well as F and p values are presented in Table 3 .
Concerning naming time, a lSD analysis has shown that, taking the three conditions together, 7 years olds were slower than 8 (p=0.03), 9 (p<0.01) and 10 (p<0.01) years olds. In the conditions word and incongruent, 7 years old were slower than 9 (p=0.01; p=0.03) and 10 years olds (p<0.01; p=0.01); and the 8 years olds were slower than 10 years olds (p=0.02, p=0.04).
Concerning number of errors, the 7 years olds made more errors both in word and in the Incongruent conditions (p=0.03 e p=0.02), compared to 9 years olds. For the word condition, 7 years olds also presented greater number of erros than 8 years olds (p=0.03).
Aiming a better understanding of the age factor, it was performed, for each condition, a correlation analysis between age in months and naming time, number of errors and Interference scores. The transformation of the age categories (discrete variable) in age in months (more continuous variable) has the advantage to allow the study of changes along shorter time intervals. It was found a significative negative Pearson correlation between age in months and naming time for each of the three conditions: color (r= -0.32, p<0.01), word (r= -0.38, p<0.01) and Incongruent (r= -0.37, p<0.01). Also, age in months was correlated with number of errors in the Incongruent condition (r= -0.19, p=0.04). These results indicate that the younger the children, longer are the naming time and the number of errors. The number of errors was not correlated with age in months for the conditions color and word, neither was it the interference score.
diScUSSion
In terms of naming times the data showed internal consistency; there was a significant correlation between individual scores for the three conditions. Concerning the number of errors, the correlation between conditions was not significant, probably because these errors were rare among the subjects. A very small number of errors is a common result for healthy subjects in this paradigm 1, 12 . Naming times and number of errors on the Stroop task systematically increased from the color through the word and finally to the incongruent condition. This is the classical pattern found on the Stroop tasks both with adults, adolescents 1, 6 and children 15 . These results are explained in terms of the difficulty of inhibiting a pre-potent over-learned response (reading), in favor of naming the color the word is printed in, a much less authomatic response 1, 6 . There was an age effect for naming time: older children were faster than younger ones, on each of the three conditions studied, and this effect was more pronounced when the 7 years olds were compared to the other age groups (8, 9 and 10 years olds). These results are in line with previous studies that found age effects on time scores for the Stroop 12, 15, 16 and are explained in terms of the overall increase of information processing velocity along the normal human development 15, 16 . There was a similar effect on the susceptibility to interference that decreased in a more marked way between ages 7 and 8. Also, there was a significant age effect on number of errors exclusively for the incongruent condition: the younger the child, more errors she makes when interference is maximized. Nevertheless, there was not an age effect on the interference score or an interaction between condition and age for naming time. however, in the Stroop the magnitude of interference is estimated both by longer times and/or greater number of errors in the incongruent compared to neutral or minimal interference conditions 1 . These results are in line with the evidence that interference may have a development trajectory during childhood. For word Stroop tasks, similar to the classical paradigm, the differences are observed only when 7-8 years children are compared with children older than 9 years or adolescents. If the sample only includes children older than 9 years, the age effect is not observed 12, 15, 31, 32 . These findings support the hypotheses that reading becomes automatic after 9 years of age and, because of that, interference scores increase and reach adult level 12, 15, 31, 32 . In addition, when Stroop-like tasks without words were used, changes in susceptibility to interference were observed from 3 years of age, becoming more marked between 5 and 8 years. Thus, the age effect on interference is probably due to attention development and not only automatic reading response 13, 18, 19, 33 . 
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